In direct relation to the dose administered allopurinol was shown to countercheck the oxidative tissue damage following lens induced uveitis (LIU). I This is believed to be due to its free radical scavenging activity and the scavenging of hypochlorous acid by its major metabolite oxypurinol. On the other hand, steroids applied as standard therapy for uveitis are known to reduce the synthesis of prostaglandins and thromboxanes by inhibition of the liberation of arachidonic acid from phospholipids. Moreover, several steroids such as methylprednisolone have scavenger activities that are dose dependent.2 3
combination of both drugs biochemically and morphologically. Methods-Lipid peroxides (LPO) of the retinal tissue were determined by two different methods (thiobarbituric acid assay (TBA) and high performance liquid chromatography expressed as malondialdehyde-like substances). Myeloperoxidase (MPO) activity in the iris/ciliary body complex was analysed spectrophotometrically. Histological changes on three morphological levels of LIU eyes were evaluated.
Results-Both allopurinol and the combination of allopurinol/prednisolone led to a significant reduction in In direct relation to the dose administered allopurinol was shown to countercheck the oxidative tissue damage following lens induced uveitis (LIU). I This is believed to be due to its free radical scavenging activity and the scavenging of hypochlorous acid by its major metabolite oxypurinol. On the other hand, steroids applied as standard therapy for uveitis are known to reduce the synthesis of prostaglandins and thromboxanes by inhibition of the liberation of arachidonic acid from phospholipids. Moreover, several steroids such as methylprednisolone have scavenger activities that are dose dependent.2 3 In the present study, biochemical measurements were performed to compare the therapeutic effects of allopurinol with those of steroids under the same disease conditions. In order to evaluate whether steroids and allopurinol show additive therapeutic effects the two drugs were given together.
Additionally, the therapeutic effects were analysed histologically, using two methods.
Materials and methods

ANIMAL EXPERIMENTS
The treatment of animals conformed to the ARVO resolution on the use of animals in research. The experiments were performed with male Wistar rats (n=37). The animals were divided randomly into seven groups (two groups, five animals each for the biochemical study; five groups, five or six animals each for the slit-lamp/histological study). Effects of allopuninol and steroids on inflammation and oxidative tissue damage in experimental lens induced uveitis Two independent, masked investigators (DM, WS) examined the numbered sections using a 1+ to 4+ score, depending on the degree of intraocular inflammation, which was morphologically seen as an accumulation of lymphocytes and polymorphonuclear granulocytes. The evaluation was done separately for iris and ciliary body tissue in the described manner. Thereafter, the histological numbers were reassigned to the original therapeutic groups.
In an independent, parallel setting a total area of the cell nucleus within a standardised region of the iris and the ciliary body of each level was calculated in a standardised manner using a modified QUANTIMED 500C imaging analysis system (Leica, Cambridge) connected to an Olympus light microscope (IMT-2, Olympus Optical Co (Europa) GmbH, Hamburg, Germany).
With the investigator scores as well as with the QUANTIMED scores a combined uveitis score was calculated from the average of the iritis and the cyclitis scores in each sample.
BIOMICROSCOPY
Before enucleation, both eyes of each animal were inspected with a slit-lamp microscope (Zeiss photo slit-lamp microscope) and exemplary cases were photographed on Agfachrome RS 100 colour slide film. For this inspection, dilatation of the pupils was not attempted, because inflammation induced miosis was present in all LIU eyes. All optical examinations were performed in a dark room. For each type of tissue investigated (iris and ciliary body), a separate statistical analysis of the scores was performed. The average of the histological iritis score and the cyclitis score was calculated as the combined uveitis score. This calculation was applied both to the quantitative results of the QUANTIMED System and to the scores determined by the two masked investigators. To determine the Augustin A combination of the two drugs resulted in a significant reduction in the LPO values (Fig 1) . The Figures 3 to 6 show representative slit-lamp photographs of the uveitis eye (A) and the corresponding microphotograph of a histological section (B) of each study group. In the control group anterior chamber structures were barely seen, because of an extensive flare ( Fig  3A) . On histology the flare correlated with a massive proteinaceous exudate that is rich in inflammatory cells derived from grossly inflamed anterior chamber structures (Fig 3B) . In contrast, in the methylprednisolone group the slit-lamp view ofthe iris structure was much better (Fig 4A) and the histology showed a moderate, mainly polymorphonuclear, inflammatory infiltration of the iris and the ciliary body and a congestion of the limbal vessels. In the vast majority of the allupurinol treated animals the anterior chamber was clinically clear (Fig 5A) . This observation was confirmed by microscopy. Here, only minor sequelae of the severe Arthus reaction, as shown in the control group, could be seen (Fig 5B) . Clinical and light microscopic changes in the allopurinol/ methylprednisolone group were, to a certain extent, comparable with those seen in the allopurinol treated animals ( Figs 6A and 6B ).
Discussion
The morphological results confirm previously Effects of aUlopurinol and steroids on inflammation and oxidative tissue damage in experimental lens induced uveitis reported biochemical data regarding the beneficial effects of allopurinol on the inflammatory processes in LIU.' The effects of allopurinol at a dose of 50 mg/lkg body weight were comparable with those of steroids when given at a dose of 7'5 mg/kg body weight using the scoring evaluation. A combination of the two drugs did not show significant additive effects either biochemically or morphologically.
BIOCHEMICAL RESULTS
In the present study the variables of inflammation (MPO) and oxidative tissue damage (LPO) of the affected ocular structures were evaluated systematically.
Inflammation and inflammation associated reactions are believed to be the major source of free radicals leading to oxidative tissue damage following uveitis.4 [11] [12] [13] [14] In the present study the oxidative tissue damage was evaluated by two methods. The great advantage of the thiobarbituric acid method is its high sensitivity in detecting peroxides. However, the main disadvantage of this method is its lower specificity. Therefore, the two methods were used together and a correlation was calculated. The problem of just using the TBA method is documented in the results of the steroid group. In particular, values such as the steroid values bordering the threshold of significance may give different results with each of the two methods. One reason for this difference might be the higher sensitivity of the TBA method, which may lead to a higher variation of the values. Thus, it is conceivable that the steroid results can be regarded as a less pronounced improvement when compared with allopurinol and/or combination therapy. This fact is also documented in the morphological data, which demonstrate a significant improvement when using the score system and no significant improvement when using the QUANTIMED evaluation. Thus, it is conceivable that when given in doses below the scavenger dose of 30 mg/kg body weight methylprednisolone acts only on inflammation and thus only prevents the oxidative damage originating directly from the inflammation. The radicals already being generated and those originating from other sources such as iron are not influenced because the steroid dose is too low. These facts are confirmed by our results, which showed a significant reduction in MPO activity, but less pronounced effects on lipid peroxides in the retinal tissue.
Methylprednisolone
The aim of this study was to compare the action of allopurinol with steroids at a dose range given in uveitis therapy. The doses necessary for scavenging activities will not be given in ophthalmology. Nevertheless, the LIU model might be suitable for a pharmacodynamic study of the scavenging effects of steroids.
Allopurinol und oxypurinol
In a previous study' we demonstrated that allopurinol reaches the ocular tissues at levels necessary for a scavenger activity of this drug.
The scavenging effects of both allopurinol and oxypurinol in LIU were discussed in detail. In the present study we confirm the biochemical results achieved by morphological evaluation with a score system and with the QUANTIMED evaluation. Our findings indicate the necessity for additional investigations on the effects of allopurinol and oxypurinol on inflammatory ophthalmic diseases. The topical application of allopurinol particularly shows promise as an alternative to steroids in several diseases.
The beneficial effects of these drugs on oxidative tissue damage and inflammatory response alone do not provide enough information regarding the beneficial effects on the whole disease process. Therefore, to draw conclusions about the contribution of tissue oxidation to the disease process and to evaluate the effects of the drugs investigated, it was necessary to obtain additional information, especially quantitative morphological data.
HISTOLOGY
The intraocular inflammation could easily be seen by light microscopy as an accumulation of polymorphonuclear granulocytes and/or lymphocytes within the anterior segment structures. The fellow eyes of the LIU eyes did not show any significant inflammatory reaction and were therefore given a score of 0. In contrast, the LIU eyes exhibited inflammatory infiltration of the iris, the ciliary body, and the limbus, as well as the presence of a proteinaceous and inflammatory cellular anterior chamber exudate, depending on the mode of treatment (Figs 3-6) . Although a subjective impression cannot be entirely ruled out in any morphological study, we attempted to minimise this influence not only by randomisation of the enucleated globes, but also by (1) masking the investigators, (2) contributing examinations at three different levels, and (3) defining strict score criteria, ranging from 0 in eyes with no inflammation to 4 + in eyes in which the above mentioned structures exhibited pronounced inflammatory alterations. Indeed, after reassignment, only the untreated eyes yielded the maximum score. The main advantage of the morphological method is that it examines the entire globe using different magnifications, delivering a comprehensive impression. It is not surprising that the treated eyes contained fewer inflammatory cells than untreated ones.
The morphometric studies using the modified image analyser QUANTIMED were performed in an attempt to gain better objectivity of the histological data. Again, the main advantage of this system is an investigator independent calculation of the nuclear area, as defined by the basophilic colour of the nuclei on haematoxylin and eosin stained sections. However, the disadvantages of the method were as follows: (1) the calculations were carried out on a defined area of the iris and the ciliary body irrespective of the degree of the inflammatory changes. Thus, this selection did not always contain a representative area; (2) in particular, both the ciliary body and the iris Effects of allopurinol and steroids on inflammation and oxidative tissue damage in experimental lens induced uveitis possess epithelial and stromal cells with basophilic nuclei whose area was also calculated. Although we assumed these values to be equal in all eyes, there are probably differences between individual eyes. This could be one explanation as to why the prednisolone treated group did not show a significant effect with regard to anterior uveitis and cyclitis alone, but was significant in the iritis group. In fact, the cellular density of the ciliary body is much higher than that of the iris. Therefore, the inflammatory cell infiltration of the iris stroma calculated as an area value is not as high in absolute numbers as is the infiltration of the ciliary body.
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